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GOVERNMENT-WIDE INDEX-SEMI-MONTHLY GUIDE TO FEDERAL SCIENTIFIC AND TECH- 
NICAL REPORTS. ANNUAL SUBSCRIPTION S22.00 (527.50 FOREIGN MAILING). SINGLE 
COPY 83.00. 

US. GOVERNMENT RESEARCH AND DEVELOPMENT REPORTSISEMI-MONTHLY JOURNAL 
ANNOUNCING R&D REPORTS. 
SI- COPY 53.00. 

ANNUAL SUBSCRIPTION S30.00 (93750 FOREIGN MAILING). 

FAST ANNOUNCEMENT SERVICE-SUMMARIES OF SELECTED R ~ D  REPORTS MAILED BY 
INDUSTRIAL CATEGORIES, 55-00 ANNUAL SUBSCRIPTION. WRITE FOR AN APPLICATION 
FORM. 

DOCUMENT PRICES-EFFECTIVE JANUARY 1, is- THE CLEARINGHOUSE CHANGED ITS 
PRICING POLICY FOR DOCUMENT SALES FROM A SLIDING PRICE SCALE BASED ON 
DOCUMENT SIZE TO A SINGLE PRICE FOR DOCUMENTS SOLD. 
PRICE FOR A PAPER COPY (HARD COPY - H C )  DOCUMENT IS 53-00. THE NEW PRICE 
FOR A MICROFICHE (MF) COPY I S  5.65 PER DOCUMENT. THESE PRICES ALSO APPLY T O  
DOCUMENTS ANhOUNCED PRIOR TO JANUARY 1.1967. THE NEW UNIT PRICES ARE 
BELOW THE PREVIOUS AVERAGE PRICES OF DOCUMENTS SOLD BY THE CLEARINGHOUSE. 
EFFICIENCIES IN ORDER PROCESSING RESULTING FROM THE SINGLE PRICE POLICY 
MAKE THE LOWER AVERAGE PRICE POSSIBLE. 

THE NEW DOCUMENT 

THE CLEARINGHOUSE SELLS COUPONS FOR THE PURCHASE OF DOCUMENTS WHICH 
SIMPLIFY ORDERING AND HANDLING BY BOTH THE CLEARINGHOUSE AND I T S  CUSTOMERS, 
PERMITTING THE CLEARINGHOUSE T O  GIVE FASTER SERVICE ON DOCUMENT REQUESTS. 
THE COUPON IS A TABULATING CARD WITH A FACE VALUE OF THE PURCHASE PRICE 
OF A CLEARINGHOUSE DOCUMENT 03.00 FOR HC. 5-65 FOR MF). THE COUPON SERVES AS 
THE MEDIUM OF PAYMENT AS W E L L  AS THE ORDER FORM AND THE SHIPPING LABEL. 

THE USE OF THE CLEARINGHOUSE COUPONS IS PREFERRED FOR A L L  DOCUMENT RE- 
QUESTS. 
MONEY ORDER MADE PAYABLE TO T H E  CLEARINGHOUSE UNLESS PURCHASES ARE TO 
BE CHARGED TO CLEARINGHOUSE DEPOSIT ACCOUNTS. 

WHEN THE COUPON IS  NOT USED, PREPAYMENT IS REQUIRED BY CHECK OR 

COUPONS FOR PAPER COPY (HC) DOCUMENTS ARE AVAILABLE AT 53.00 EACH OR IN 
BOOKS OF 10 COUPONS FOR 530.00. 
HOUSE DOCUMENTS ARE AVAILABLE IN BOOKS OF SO COUPONS FOR S32.50. 
PORACOUPONORDERFORM. 

COUPONS FOR MICROFICHE COPIES OF CLEARING- 
WRITE 
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THIS DOCUMENT HAS BEEN REPRODUCED FROM 

THE BEST COPY FURNISHED US BY THE SPONSORING 

AGENCY, ALTHOUGH IT IS RECOGNIZED T H A T  CER- 

TAIN PORTIONS A R E  ILLEGIBLE, IT IS BEING RE- 

LEASED IN THE INTEREST O F  MAKING A V A I L A B L E  

AS MUCH INFORMATION A S  POSSIBLE, 
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p ~ t ; ; ~  r.ere fitcced, $9: so.~e I C S  .arb r 2  = UL iaTormz%iorj, the; t.ecnnicrL ;eagle zka-  

S d ~ e s  s'cre best  qu&ified to p c j v i d e  these data,  Thus !'re nbve adzinis tercd 

a carerklly designed, stt?ndardized Guestionnaire to hm?retjs of scientists and 

engineers i n  a xide variety or' laboratories. These questiamaire &'ta have 

been sqplemented by jutgasnts aboclt each man's cerfornszlce frow those rei1 

acc;tainted z i t h  his. Pork - his peers und silperiors. 

3erw>rted belor: arc data collected i n  11 ~ner ichy '  h b ~ r a ~ o r i i = s  by P e i z  

and fiysclr'. University, govement, and industrizl sett ings are all reprcsented. 

Also reported are data from three f i r i t i s h  i n d u s t r i a l  labs, col lected by 2r. 

Frederick 5. Chaney. I n  aesignicg h i s  suesiionnaire,Chaney included some of 

tke sane ouestions vhich had been used b:f 3elz  and myself, and ne generously 

provided ac n i th  ts copy of his data l o r  arralysis Fur7,cses. 
-* 

. In both auestior~nhires, ncol~eadfuesii v:ere aefined GS other  proi'essiofials 

r i t h  r;hoia a man ;-or34 r z i t h i t  the lab. Subordinates rho yere theL,selves pro- 

dessionals could be claimed as coileak-ues, b u t  sub-::rofeasional assistants : ere 

e x h C . 2  Sone questions den.. ing r . i t h  col lecrpe contact *\ere r e s t r i c t ed  to a 

man's most important colleacTues -- be couic! naae a? to five. 3ther  c,uestions 

asked &bout the en t i r c  sat  of colleaaues xith vhoin hz exchanged bsefu l  inl'orw-ti,;z. -- 

One +c-stion i*:bici: ?roved intzrestif ig cas a straightfor: 2rii itein v:nicir 
asked about ttt Zreweccy x i th  vtnicn a mn contacted h i s  most imnportant col- i : 

s 



:pidCa LC ::i th e&ch 01' y o ~ r  . . ~ a l l c a ~ ~ r r : ;  OR T.Qrk-i*Ci;i i.c-d 
Y 

I;a'utcrs? (Akether by converstition, rriemos, seffiinars, etc  .) 

['laving r iued  h i s  five lnost sisir'icant coile gues (supor- 

visors yere excluded here), t n e  res;ondent rated the fre- 

quency of cornmication nf th  each using t~ four-point' scale 

r q i n g  from "Fer t i L e s  a yeer sr less" t d  "5aily.n 

these &ita an average Trecuency uf commrilcation vi th  col- 

leapes res coqmted for e x h  respondent2 

? 

a. ' - I  

Trom 

are snovx The rest.its * e  had first -- for three groups of itnerican cc ient i s ts  -- 
in Ch&ms 3.A to 1C. 

ckzrts v:as char: 

jilthaugh there rere SG,.W exceptions, the  trend in these 
H ,  

the peri'onance curves rose as ccntact increased. 

C h r t s  i A  tc 1c here 
. .  

tc rlescri se no:-. ?eri'orzar,ce P as aeasured. 

4 
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Knming Kist sotile t e c h i c a l  peo,>le can be maicing-rxtremly vaiuable - .  - ~ -- 
caxrf'hitioris to modedge  even rben not k i n g  p+rzicuhriy usefui to ar, or- 

eaiization, :!e a k o  dsked each judge .to assess hog much each rum's icork had 

"coctriixted ts generel Knotledge in h i s  lieiti" over the pat r'ive years.' 

Here also ti?c .judges zere in rezsonably good agreement, rand Fe combined tneir 

infomation into a single score on "contribution" for each am. 

- 

- _ -  - -  

(Idot surpris- 

ingly, the usefl-llness elid contribution scores tended to show some siiailarity, 

bCt onkj abut  h a l f  the vari;Ltion in one could be irttributed tc - 

nedian carrelation = -7.1 
Several inaicatlcns of nctuai outpi i t  vere a150 exmined. 

t h e  ofner -- 

.. 
F x h  respondent 

,pubiiz.'r.ed ref:orts he had yoduccd over the pst l i ve  years. (Vzious checks -- 
such as CGi.i?arhig reported O U t T i i t  r:ith conpzmy recnras, or cith ancrers to  the 

Sim6 question given several aon ths  later -- convinced us t h a t  resrondents rrere 

reasonLbfy acclirate in re,mrting their Dutput.) Since technical gapws r-ere 

cot a relevant form of o u t p t  for nost engineers, r e  considcred only trio t'orias 

of output for them: patcnta and reports. Siaihrly,  we cansidered oniy 13spers 

and reports fur ncn-engineers. (Tbese output scores ::ere mly mi ld ly  reip-ted 

to the judgnents of perforamce, and t o  each other -- median correlaticn = .2.) 
' &foro y e  could use the'varioas ?erforimce ~ C Z S U I - ~ S  in aalyses, the;). 

\ 
--. 

r,seead to be conpasated for several hckgronnd  factorn,  such ak t h e  length of 

t z a ' z  37cffzSSiGnsl cixprience, h i s  seniority in  the lab,  3nd t h e  aaomt sl 

'.;E :'3rEG training. 

*/ 

30% sLr?risingly, Lcieztists r ith lrjng expcrienzo, 'imz 
sdziority,  znd long aeadmic training tcxidcd t c j  out2c.rf orm' ';heir ycw-er, icss 

i 
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-* *Ld c;*,tZ&&s;.- 'e, e.-n-Lii 2; *-die ?it 23. - S L - - - L L I Z >  '..:'it f:e.L* L-.c...cz- &* T; 

Tcq;t.orr Lignc :cc;l;r,t io: ud zuosequant results. 
* .. 

i 20 z;qrui*rihLe CGESLUL; 7 cre 

added or subtttictea to the  dcrforrrance scores oi t.nole groups t o  croauce * I  rier 1 

1 set of ;erfox?rance scores. 

F r e d  sit3 the performnce of others vho had s k i l a  experience, seniority, E:?. I 

It is  these cocapensated scores chich are plotted i n  t i e  cnarts of this art i c l e .  

i 
I 
! 

These inaicated holy each person's perfomsnce ccz- 

- 

I 

j . Sovever, if uncoaipensated scores had been plotted, the'ieneral findings n o d d  

a . '  be t t e  swAe. 

caneiderid the perforrriance neasures in some d e t a i l ,  l e t  us return to Cnnrts  LA 

tC K. 

oeveloyient ol" &?rove3 ;-roadcts or pocesses .  

5overnment or industrid settiws. 

Among these scientists, tne average frequency of contzct cas ruite  high -- 
Chrtrt II; sho. s 

Chart lk am* s dak  from 73 PbD's i n  Amekicm l a b s  ; hich enphasirea 

~3.1 these labs were in either 

over haif contacted eacrr collezwe several times a : eek or sore. 

that. judgmrits 01' tecraicA, contribution, judpeats  or' usefulnesr . snd output 

Of reports 8 Z .  ?.ere highes t  fo r  thase aho rlad driily contact v i t h  esch collebgue. 

GL.. -- 
leagues &aut *a eedy . 

b + t  sf 3 b p x z ,  tiorever, v.as highest rhen t h e  scientist contscted his col- 

? 
Chart U rrovides . w a l l e l  data Cor 52PhIi's in merican research 1aOs -- . 

--. i . a . ,  labs .;hicn espnasized the production of ne?. Knovledge. (These hap2ened ~a . 
'.?e, located i n  university Qr ,overrinent.) iicre the avcrake frequency of ccintact 

Tilt. best performznce, hi,?;- 
'. 
F'ECS lovter -- t h e  nedisr: frec;uen'cy ttls about ceekly. 

ever, 
*... I c-. 

as mot- n by those *Yho contticted colleagues sei:rik,eedy /or dniiy . 
httl l'rom i j 4  #iwric:lc "engineers" are shorn. i n  Churt IC. ' I*€.nGincerrr" 

\ 
?:ere dciineti 3s r.on-?hD' 5 * ho !.oriCvci in develoynent-oricrited (-govem:r.est 



Z G ~  q i i  of t h i s  grou~ kid  tim rGra1 training in eneiceering. 

rere likc the %WG in aevelopent in that the  average Lrequcncy of corithct ;-a2 

fairly high - suvcral tines a veok was typical, 

avcrzge fre-uericies as high as daily, Chart 1C shows that this ;;lay have beer, t o o  

frec;ient f o r  t h i s  grou2. 

?txss mgi;,ecrs 

Although rocmy anGincoro c l a i s c d  

Semi-yeekly contact seemed the optimum anount. 
I 

The finding lor these scientists-in Ainerican labs, tnen, ras  that  those . 

1 %  2:ho S ~ F  Geir m ~ s t  in,oorwmt colleqpes rether fre.uenGy (scveral tines 6 reek 

or daily) tended t o  prforc! at hisher Icve3.5 thax those rho had less frequent 

-. 
* 

. a I 

c o l l e ~ g u r ' c m t a c t .  A careful look at Charts 1A - U; sbors t h a t  t h i s  trend cas 
I 

r I I 

.I 

I prt i cu iar i j  c i e a  and consistent ::hen *;er€orrice ras heasurod by the criterion 

I .  

I 'Jtoulci t h e  +&e reb;ilts esergc for scientists ir d r i t i s h  kbs? Tne &ta- 

- .  - - '*years. (Creativity Y::Z defined as lfthat .;races= i-.-cL rcsd t s  L, c W A ~ A Z ~ A  

,reduct 3r Lciea cnich Is 3cceptFd as u s d u i  or sstis?:ing at scxe.;dint in tise.") 
c -- 

l coi iectd  by Ctiariey gave lis 2 chance to f ind mt. 

I 

Three to six judges (:.!eafi = 5 . 5 )  inbeatndeni.Ay :issessed the c r e a t i v i t y  of ,each 

I -i - ran. ' i  
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As with tbe d a t a  froa the  Americans, the performance of the  B r i t i s h  
. 

scientists varied systematically with several  background factors .  

penaated t h e i r  scores for differences a t t r ibu tab le  t o  age, senior i ty ,  and academic 

degm=--factorS very sinilar t o  those used in cmpensatlng the performancs scores 

of the Amricans, 

So w e  ccm- - 

I .. 

0 
d Included in Cbaney's questionnaire was exactly thq same question on r'requen- 

cy 

sc i en t i s t s .  

Sc i en t i s t s  in these B r i t i s h  l a b s  rended to  contact t h e i r  colleagues l ess .  frequently 

than had che h e r i c a n s .  

had average frequencies of sed-weekly or more, only 169. of the PhD's in ari t i sh  

developrzenr labs scored as high. 

tant  colleabwes only a few t h s  a montS. 

and B r i t i s h  labs  appeared f o r  engineers. 

of contact with colleaguss t h e  had been used prcviously for Amrican - 
One uarked difr'erence i n  the answzrs was iomediately apparenr. 

Whereas 57% of the PhD's in  the American developnsut labs 

The typical  Briton contacted h i s  most k p o r -  

A similar  difference between Anerican 

In  American labs 637, of the engineers 

' c h i n e d  average frequencies of semi-weekly or more, in  Driyish labs the comparable 

figure was 34%. Clearly ths  Britons had less frequent professional contaccs 

than conparable groups of Aaerican sc i en t i s t s .  

What about wrfomanci:? Was frequent contact associated with high perr'or- 

The answer was yes-but w i t  n mnce in  B r i t i s h  labs--as it  was in  Anerican' labs? 

aoae qualifications. 
- 

The evidence appears I n  C h a r t s  1D and 1E. 

-. . .,. 
. C h a r t s  1 D  and 12 here ' .  I 

_--. 

* / 
L Charr 1D shovs' data for 70 Phil's in  Br i t i sh  developnmr A J ~ S .  Sote t 'J i ;z  

/ 

pa?cr ?toduccio;l cliabca S L ~ G , :  - -y as frequency of contact increased. hti1igS or' 

creativity peaked A - B K  those with weekly contact (which was above avilta&;a for 

\.: 
.. 
;r 

w -- 
. .-/ . . .  . - .  

r /  
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'these zcicntists) 'iwt tbea deciined znin cantact 'rids stiil uore 1rec:uer.t. 

Amng 110 iiritist engineers (see Chart 2.1 cre%+,fvitjr Gas ilizhcst Cor t h s a  

sith semi-vzekly contact, just as r::ted usefuiness and contribation had been Yo: 

bcr icar .  engineers. 

aver&ge fret-uency of coileague contact until it beeme very high (&fly), at -.-,i~ici; 

po in t  outpat of pqers dropped sharply, (To be strictiy coqarable v i t h  t h e  and- 

Production of published papers YYLS not mch effected by 

. ysec Cor bnericzn enGinsers, uie vrould have prelerred t b  shov dat3 for patents in  

C h m t  3.33. 

fications, tbeae yere too rare to sen::it maningful analysis.) 

Although C h m y  collected infomition about o u t a t  ol" p+,mt s,=eci- 

Thus the general trend i n  these 3ritish labs  YZS similar tc n'mt appeared 

' in k e r i c a  labs:- tne hichest performnce tended to cone from scientists and 

engineers i ~ h o  cont-tctec %heir i q o r t c - n t  c o l l e q y e s  ratner i'requcntly -- 8% imst 

~~eektljt :ind ?erha?s more oiten. 

borever, seemed too i r e p e n t  ?or encineers, just as it bad been in anericm L D s .  

Gaily contact v i t h  each iriportont colleague, 

Zefore considerifid sone of t h e  possible explanations :tnd inplicationk of 

the fir6ir.cs iaesen'ted so kr, there are some other measures of colleague con- 

cact xorth exaziining. 

2iuri.ber of callrzflues. . 
Another sy or' assessing a sc icnt i s t '  s ' c o n t x t  .r I t h  coileagaes l..lLs to  - 

in.-uirz aScut t.he nuzkr  or imyde : t i t i ]  rQoa hc. excnnnged tecnnicai inforrmtior,. 

- Data i'rorrr tas rkestionfisire itms vwe exainiaed. One asmd about peoplc ir, tfAC , 

scieatist's ovn rrou?, t h e  other ssiced about thosa k cantacted e3ser.hcre in h i s  

orgsni?.stiot,. 

alrc kjtisi;  Lebs -- ar?;;ears in the i'ol1oL;izqT ?mx. 

_ -  1 

Tna exact viording or' the iteins -- shich :iere s s k e d  in  botn h e r i c a n  
/ 

/ . 
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I gues t ion  26. 

yoii xork w i t h  ciosely -- i n  tie cense of e;icb;$ng 6etai ied infar-  

,{but h m   any A>eople i n  t h e  i-olica-.inG ci tuat ions do 

I 
t noiion from t i n e  to time t h a t  is 0; benefit  t o  you or to then? '(Zx- I 

[In the American labs, respondents checked seven--*oint sca les  

rpnging from V?one" to "20 or  moreH t o  indica& t h e  number-of 

geople "In *ay i r i e d i a t e  grows (sections,  projects,  tenm?; - e tc  

' I  dude sub-professio;.,al assistats or clerical iiersonnel.) 

I ! 
i 
1 

rurd =In c+,her t e c S E l i 4 ' g x q s  nitnin t h i s  or..ani;stltion." I n  t h e  

3ritisn iebs, res- ondents indica$& t h e  .ex;rct nunber i-roa ltO1l t o  

sions o r  ciegnrt,m-ks i n  t h i s  reseerch or,tni r a t i i n  
t 
4 

Ho.  ciid these I;msures of coilexcue contect rel:ite t o  each other and to I 

- the freqiiency .x.-jsure described eibove? Tbc-:-e T : ~ S  G aoder.-lts tendency for 

sc i ent i s t s  t o  exchange in for  n t i a t  r ith mny colleagues outside twir ovn 

grauj) (but  c i t h i n  t h e i r  o r p n i z a t i o n )  if they also  sa.^ many xi th in  t i i a i r  CFE 

~ o z s  (mdien  carrelatior, = .4 i n  merfcan labs, .5 i n  3ritish labs). Iytiether 

r,his rer'ioctcd consistency i n  their b e h m j  or [ perhcps a professional tlsoci&ole- 

ness") cr exigencies o7 their work :res not clew.  $hatever the cause, the.-:Dsi- 

. t i v s  rclctior.shi$ betreen the tv:o ikecrs vas only  uoderatc end LC exminod each 

, se?arately. 
! 

'. I t  r e s  intercst ixis  tc dis,covcr t he t .  t i e  t o t a l  nunbcr a i  caUcagws a xan 
i r.orked. ritn r.?s only s l i g h t l y  relii+,ed io tnr, frequency u i t h  sdhich he  contscted i. ,- u.. ; 

P' k 
his aos t  I..rpor:nnt cailuaytits (sea'i3.n correlat ion = .2 in bath AtizricLn :!nd 

3rittsh i i - b s ) .  

dii'ferept t ay 0;  !r.ciisuricg wount  oi' coiiengue contac t ,  ~ O I  ever, i n  s*>ite or" 

I 5 

- 4 'r 1 '.' 

Thus u2t; cbctut the nuaber of collraLue5 crovided *i rether 
! 



a?.-ea-ed a d  arc ciescribcd next .  
a *  

Peri'omnnce ;mi nULDSr  0:' coflca,qcs in ov'i <ro-i>. Sose results of 
; -. reiating number of colleagocs in o m  grou,i to ;)erioncctnce ii?;;ear in Ch-.rts 2~ 

and 23. 3ak I'rw d l  five troups 03 scientists are shonn, but t o  save s p c e  

the cl-arts shov: o d y  t h e  ratings 03 usefulness Tor merican sc ient i s ts  ar?d 

the raziriss af creat iv i ty  :"or dri t i sh  s c i ~ n t i s t s .  

defized t a  sri,iiiaI ideas 7.iiicn &ere judged to be u.;c;'ul.) 

deer  aEa consistent. 

6 - 
(Recdl thitt creetivity T ~ S  . . *  

The trends are 
a - .  -- - .  

- .  . 
/ 

In America labs t h o  sc i ea t i s t s  rho contzcted :any colleagues in  t h e i r  

o m  crou? cere juaged t o  have done the  rork rhich ::as ;nost useful. Chart ;LA 

s~ggasts that c m t a c t s  F i t h  as many a s  ten, fifteen, ,r even t renty or inore- 

c o l i e s g x s  r. ere oitizm. 

h e  to a diiYeraTt coding sei-erae, sc i ent i s t s  in 3ri t i sn  L b s  rho cmta tc;d 

e;<re;lcly krge :;abifrs ol zo1lehgc;i.s c o d d  no t  be e x u i n e d  se?Jnrately. 

spite 0: t h i s ,  tne rcsiilts for  jritish labs shorn i n  C h r t  23 are rather s i x i i a r  

i n  

to thcae for k s e r i c a  iabs. ?or both p u p s  of ilritisir x i e z t i s t s ,  the hichest 

rated creat iv i ty  r.cs obtained by :rm sho sxcnanged i n f o r u t i o n  v , S t f ;  eight or - 
. ciare ccllleagues k. thelr o m  grsq. 

i 

The chief JifZerence bet'.ileen Lharts 2n and 2B appeared for scientists sin0 

This vias a p9or situation i n  contacted very Zen colleagues i n  their o m  grou?. 

- Amric.u: labs, but ticither es2ccialPJ eooa ncr especially Foor / in 3ritish k b ; .  
- \  - t 

# .- 
\ , 

f .. 
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?er$ormange-ati number of coUeaa1es oaisiae o m  &roup but  v i t h i n  orcaz- - .----- 
(. 

.e- izat ion= - 
and tne nusber of colleagues they exchanged information rAth outside t h e i r  o m  

group (but within t h e i r  organixitian) As in previois C h W t S p  the general 

Charts 3A and 39 shorr relationships between scientists' performance 

firding was tbat those rho-had high amounts of col leape contact tended t o  
- 

perx'orni best. -. I , 
. .  

Cbzirts 3k mci  36 here 

As before, only GZIB seasure oi perfomnee a2pears in the charts, but -- 
s l t h  tro exceptions -- the  trends of the other ;>erformmce Peasires rere siniiar. 

[One of t h e  exceptions accurred f ~ r  d r i t f s h  engineers: s b l i s h s d  papers deciined 

- as the nunbcr 0;' ocrteide colleagues increlisc-d. The other ezcei;tim, as in 

previous char t s ,  occurred for output of papers by P W s  in Azcrican uevelcrpent 

\ ' .7A& 

- iinbs.) 

BY examining the nmber 'of cases a t  the bottort of C h x t s  3~ xnd jS one other -- * ;.@ 
7. 

interesting finding eiaerges. Scientists  in br i t i sh  labs i ere ieLs liiiely to c ._  

lab$. ?his is the saPe ' trena YS tniit observed prsvi,ously for the  irtquency ,if' con- 

. .  

1 

i 
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d i d  fi t 

hovever, &*or the nuder  oZ collmgues contacted ir i th ic  one's 

and rkterlcans w x e  about the s-se ir. t h i s  respect.) 

group; 3r i tons  

8 

Thus results se re  remarkcbly consistent for aifi'ersnt grou?s oi s c i e n t i s t s , '  

different national set t ings,  and difr'erent c.ays o€ ifiezruring contact i i t h  cof- 

!- 
. leases.  higher perlar!riance tecded to go v i t h  h igher  contact. 

. i f  this reht iorsbi! ;  v . 3 ~  aore thtn a inere art i fsct;  it srygest.s t h a t  

c o n u c t s  c i t h  colleagaea m y  be one importcant stimlus for nigh s c i e n t i i i c  per- 
* 

forzafice. T h i s  should nave in;><;rtant isi?lications fo r  the cay laborator ies  

are orgaci zed, cnu for the r.ay s c i e n t i s t s  contii:ct t h e i r  2rofessioaal l i ves .  

Sir;cc the 33iLtter sectGed inpcrtiilit, several gossible sxplcinetians Tor these 

finciir'.gcs :have beek considcreci. 

Ax;eF,2z 5 ta "cx?biT? a ~ a ~ "  the i'iidinps. 

.iixpcrieme. Vhen these resul?,a have bee3 :.resented t o  technical .iudier,ces, 

cne retictior. has sonetiaes m e n  axi n t t e q t  t o  attribute then t o  the cperation 

or" s o 2  t h i r a  factar, sdcn a5 dil'i'ererices i n  length 0: expcricnce. The argument 

is t h h t  L igk  pcrformnce s?pearea t o  go . .- i th iarge w o u n t s  of colleague contzct 

sio:ly bemuse the ijeo,Le ;,Lo 1i-d b c a  ;..round 1on;er kad had sore t i n e  t o  build 

32 both t h e i r  ran;=e of acr,uaintances and t h e j r  perfozmunce. 

edly occurred, it couid not wholly account for th6 findings.  

iihile t h i s  undodbt- 
* 

.. - The reason the prfomance scores vere con;>ensated Cor difi'erences i n  

',length oL sxperience vas jrrscisely so such explmations couii  be rejected. 

Uhen the- relati a x h i p s  eicerced even d t e r  t h e  scores had beec cnh-..insated, 

they m s t  t,*ive jeer1 dlic t o  scrrethini more than  just-, differences i r i  cqerience. 

- \  

0 - 
- 

/ . 
ibis i n  lzhcrjt3ry.  Another a r i p i c n t  is that the  efi'oct ~ J E S  attributztle 

w - t o  iiiffercncos in hbsrctory role -- Z w  exccnple, the differecces  bt-tv-ecn ~u?cr- 
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visors ak non-supervisars. 

forairace than the average non-suFervisor, aird v4oiii.d also be ex-cted to have 

Scpemisors wuld 'be expect& to hv,? higher 2er- 
t 

nore contzicts a i  t b  c o i l e a y e s  ( colleagues had bzen der'ined to incluae pcdi cU;iviir- - 
level sGbordinates) . Had these difi'erences accounted for the relatianship? I 

Using dats i'rom the American labs, h e  cnecked- this carefully. The entire 

a d y s i s  vas repeated seAately for supervisors and non-su?ervisors. The sarse 
- *  

5 u@&rd trtmis occurred ?or both subgrmp. (Pata not sno;h;) Thus this Tactor 
i 

could. not  account for the relztionship. '. 

. Causal oirecticn. S t i l l  a difl'errnt pGseible exl-lznation is thi:t, the 

reiationshi? appeared because blgh perfomers were sought out by others and 
. .  

thas acbieved their h i &  contnct &s a resclt of their high per;ornia,nce. 

t h i s  unaoubtediy occurred to some extent, ~ V J O  checks suggested it was not the 

whoie story. 

Although 
, 

Included in the questionnaire ahiuistered i n  wmcrican labs *:as an itai 

'xhick askcd hoa comiunication riith eecb of the most i q o r t a n t  colleagues 
. .  

originata2. This  itein appears in :he r'ollovdng box.  

. ... 
t 

. 

1 @estion 4 3 .  i4Gii. does tile corrs;runication v:ith each prson  

1 usually originate? Estimate the percent occurring in the I 
following rays, to nearest 5-1Uk. 

[Zor each oi f ive  most important colleagues, the respondents , 

1 

. * I  - entered !:lercents Cor t h e  categories that fol lor.4 
--- I 

i I visit or contact him. 
He visits or coritacts me. 
Ke kt.2 ;;tted ii iieetizg or zeninar. 
Conversatix arises spontaneously vhen i e see each cther. 

/ 

I 1 
I a&hzr riays: 

I 

! 
. .  . .  

i 

i .  

! 
I 

* 
f 
! 

i' 
c 
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Ot t% h a i s  of the i n f o r a t i c n  Zroa t h i s  i ta ,  scientists rere grouped a c c ~ r -  

ding to tnc ?rcdorcinan:- m y  their contacts orit;instca. 

were l i k d y  to originate in any of sevcral vibys cere o3ittcvf.) 

('rhose : h:o.r.a ccmtncts 

One groklp r a s  coaposeci of sc ient i s ts  $to s:.id their coi,tLcts with col- 

lezigiies arose 2riniirily oecause colleagues csme t o  tliea. :e e q e c t e d  to find 

positive relationslSetreen contact and perr"oru?nce here; and we did. 

$his  grou,? t h e  better gert'armifig scf-mtists r.ere nore s&&t aut 'by colleagues. 

Of -matest interest i'as a group rihich had indicated that tney t h e z A v e s  

Xnong 

%ere pimriiy res;msi%ii ?or ini  tiatirrp: contacts orith colleagues 

trends betreen contact a d  performance sppeared here, too. 

Positive 

Surprisingiy, they 

Among these -tended to be sorsevrhzt more nzrked than for the previous group. 

contact-initiators, the  higber the cantact, the higher the performance. Bere 

r;as i o p r c a n t  sviaence t h a t  the relationships tte observed uere due sim;;lj. 

to others seeking out the higher perfomizg sc i ent i s t s .  

Finally, two other groups rere exaixined: t'hose Tho mid contacts arose 

priaarily because both they and t t e i :  colleagues attendea t i 2  same seainar, ana 

th%e ?Tho said cantkci3 arose as llun-,lannedll corrversatlons. 

group ? e  also obse,xed the sane positive relhtionships. 

In both oi these 

Again higher ?cr.tar- 

mknce teatied to ~5 rrith n ighe r  contdcts, though these relationships rere soae- ' 

.'what l e s s  I?;arked t i w  $nose ir. the Grevious tvo grmgs. 

Taken together, Lhe data froa these four subflroiips tenced t o  su;;jort - 
* the bypathesis t h a t  contact w :%k colleagues couia 

firthemore, they suggested that-this cas :nore IiXcly to happen if the contacts 

cirndate performance. - * 

- .  
aere parposefully originated by the peopie dirr:ctly concerned -i the IZUY hinself  

or nis collcabaes -- than if tkef -<ii-e un?lscixi 
.. / 

c' 

sriginated bjr  sone tniri ';.krty. 
'. 

4 
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rho said they preferred t a  work alone as t o  thpse vho preferred rorking r i t h  

otners. 
.. 

They ;.ere D S  hel!Xui t o  the irlan with strong inner  notivation as t o  
/ 

ennmceci \ p r f o r m n c e .  f 

a l e s s  motivated hen. Even i n  labs vtiere most vork v?as done autonmousljr, ccntacts 
* ,  

e -  - . 

B second check cn the cnusai direcclcn OZ t h e  relztionship betr;cm 

contacts ana performance ras perlorncd by cne ol our collcngues, Dr. Cewge 

Farris. 

t f s t s  m d  engimers in  American labs ,  r'arris Rant bcci end obtained inr'or- 

a t i o n  about t h e i r  performance during the intervening period. 

to see ?:nether those  -410 had nad higher levels of colleague contact five years 

.. pfeviously had subsequently 9err"omed be t te r  than those &th less cantiict. 

- r'ive years after we had originally lricntlurod tho pr.rfommce of ncicn- 
- 

He then looked 

, 

This ras c lear ly  the case vhea peri'ormsnce was neasurecl by iistfrilness. Zur- 

themaore, he this soae trend even d t e r  he a l lo t& i o r  differences i n  

: '  

I 
; 

- there might be soriie groups of s c i e n t i s t s  rho -- by reason ol' t h h i r  strong !:03i- 

vations, pcrscnd peferericcs, 3r s m e t h h g  else -- v:ould not bcner'it frw c m -  

/ 
/ 

1 . 
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Reasons corikxts r q  have ksi.7ed. 
I 

Vie could oaly speculate on rhat  hay have been going on, but there seeri,ed 

to be a nlmber or" reasons  by contscts m i g h t  have been bener'icial. One, of 

ccurse, vks sb?ly  providing nc-r iGecs -- jostling a m n  out 01' his 016 0-ays of 

th inking.  

hive knorr, soae%hSng ssather rnan needed to knm: 

. 
3ut colleagues may have dme much core. Spetines a colleague u y  

"Hook it to the red temirrai 
. -. 

-. 

. - 
. wit ten asirutes,'l or "Co see ?red, he iinovs all about it." Other til;es 

important coordination u y  have occurred: %hy not as.c Ruth to run it ikr yw; , .  

I ' m  not keeping her t o o  busy r i g h t  now." 

klso tnere \as t h e  poss ib i l i ty  of a coUezpe catching an error uhicb 
*- 

t h e  inan himseif was too engrossed to see: 

couldri't possibly afford to !xoduco it.'# Or irnoFing that even bne other person 

thought a p o b l e r  rorth  ori icing 03 may have been all it took to l imp a man 

"You're crazy, Joe, t h e  company . 

. .  
going in a ne= area: "It vciuid be great if YCU could solve that one!" 

Still mother uay coileatue contact nay have helped i w a . s  in  keeping a 

sx an nis toes - putting in a good dayls work, o r  runrAint7: a t e s t  t h e  vay it 

should have been run, a r  providing soue i'riendly (but nevertheless real) coa- 

aetition for proinotfan or r txogni t ioc.  
-. 

In short, it my be s Idstake to think ox' contacts x i t b  cdleagues as 
. .  

-having provided only i n t e i l e c t u A  stimulation a d  new ideas. There Q ~ Y  have 

been a lot 01' error cctching, ccordination, and naybe even some nee&& relax- 

stioo: 

these, a i d  perhaps other recsons, it seened reasonaoie that contc;cts could be 

useiki to 8 Ereat vcriesy of technicd. people. 

, 
"C0r.e on, john, you can't *::in them all; let's get soce For 

1 
1 

'q 

'. 
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If contacts could s t i m d a t e  perr'orwnce, did it matter bor they occurmi? 

Soveral 6nalyses 9erformed on the data i'rom American l a b s  shed light here. 

One has already been briefly described. T'e found contacts viere more 

rehted to 2erfomance when they nere originsted by t h e  people direct ly  con- 

cerned t t i n  if Wlcnned  or originated b, a tnird .rerson. - 
This seemed to make 

&wcl sense. -. 

N-uaiezous other questions came to mind. If a man saw many colleagues 

r . i th in  h i s  o m  group, did it matter hox many he saw outside? 

most important colleagues frequently, did it matter how long be spent commun- 

If he s m  his 

icating with them? By ta,king the various measures of colleague contact in 

pairs &and exmining the cosbir,ed effects, these questions codd be answered. 

The three contact measures discussed above -- frequency, nuber  of col- 

Jesgues aithin the group, snd nmbcr outside -- seemed to  have s t i d a t i n 5  

Fro,wties rh ich  waccumhted.n Performance v.as hii;her ii' a person scored' 

high on tno of tnsse measur33 than i f  he scored high on ju;t orre. Thus fre- 

qucrit contact r i t h  mny colleagues rns freLeraole to frequent contact  r l t h  j u s t  

a fev; (&nil the l o ~ e s t  ~erl'orlrlance of di came from those rho sa% only a few col- 

lesgucs arci those rarely). Sirliilarly, having &any colleagues in one's o m  - 
grouy; ar,r? ssny col leagws in other local groups HBS prex'erzbie to having many - 
-colleagues i n  orre's o m  group mLy, or i n  other local groups only. 

4 

h fourth neasure of colleague contact, not discussed ~jrev~ously,  asked \ . 
abor;t tSe ar,ourAt of t l z s  a .;?an sbent cafiunicating E i t h  h i s  aiost I m p o r t a t  

0 

- .yvtiililble) the pwioids ly  observed contact-performnce rolationLhip hela -- the  

colieagues. In t h e  American lzbs (the only g r o u : ~  for ahich t h e  data were 
,/ 

* 
9 I 

. :  
i 
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rere 6-10 boars jier seck per colieague i'or Phil's, 8-15 hollrs t'or cnginccrs. 

Clf course, sevsrai coileagrles iaight have been contacted siniultancousiy.) , S i l t  

I 

it was aiscovered t h a t  the  other. indications of co l l e ig l e  contact reere csss- 
- 

cialiy fxEporthnt for s c i e n t i s t s  =bo spent re la t ive ly  l i t t l e  t i n e  communicating. 

?or s c i e n t i s t s  who averaged fer;er than ' t h r e e  hours ser r.eek contacting each 

I - 
- 

impol-tant coue-e, i t  r.as especially L i g r r a t  to  ha& i r q u e n t  contacts acd 

t o  c m t a c t  mzy colleagues. iiov:ever, l o r  those s c i e n t i s t s  v;ho aversgeci three 

cr nore burs per  calleague each week, the  frequency of contacts and t h e  number 

of collea-nc-s L V ~ S  iess in2ortant. 

Thus it a?peared that t h e r e  r-ere several d i f f e ren t  paths to ef fec t ive  

interact ion.  S p e d  nuch t i m e  on conmunication ( i n  rhich case t h e  other fac tors  

did not s e a  t o  matter), or spend l i t t l e  t i m e  but contact iilany people freauencly. 

The situa%ion to be avoicied, aiyarently, oas t h z t  of spending l i t t l e  time on 

infrequent contacts w i t h  . 'er! co l l eaees !  

Or" t h e  m y  f a c t o r s  xhich affect c rea t iv i ty  and s c i e n t i f i c  pxformnce ,  

soc i a l  psyenoiogical asgects ol the  laboratory environc,ent are particulririy 

interesting and irngort:.nt because t h e y  cm be'influenced -- a t  least to sme 

extent -- rather rapidly. Among the social ?r;ychologic:A factors ,  contact o-i t h  

a coilea,tucs seemed io  be one vfhich s t i m u l a t e d  technic:.l perronrafice -- T w  a 
vdriety cl' dle't'erent types- or' , s c i en t i s t s  ~1nd engineers, and in b c t k  - . r i t i sh  

- 

- -  and dzerican laborator ies .  I 

Dcr.a;d De12 a d  I 'nave identil'ieci cer tain other :'astors-?nd / / conditiofis 

, ?::?Ich see. to  s t i s u l a t t  yerformnce i n  A.:.erican l.?bs. A T ~ r t i ~ c o t ~ i n g  boo!<, 
$ - 

, I  .- 

i 



tigatiOnLm There is a strond nrad, novtevcr, t o  dotormino whcthor those;&nd 

other factors 's.ouid stimulate creativity by technicai people in other cult ires ,  

The issue is ri3ci tar  iab=ix,igatL*. 
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Azericsn 9 e h w i o r a l  Scientist, vol. 6, no. 4 (December f9G). ( A  special 

issue devoted to science, scientists, snd society.) b 
I 

c 

Scientific Creczivizy: Its fieco,qitior. rtlld 3evelopment. Edited by Calvin ii. 

Taylor And mimic darron. 
- 

Kiiey, 1963. 

Adzizfstcing 2cscsrci: arra bevelooment. By Charles G. Orth, Joseph C. 3ailey, 

and Francis 1. PIdek. iiorsey Press, 14a. 
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